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Summary A 65-year-old female with catecholamine-dependent ischemic car-
diomyopathy was admitted to our hospital. Preoperative examination revealed
severe triple vessel coronary artery disease, severe mitral valve regurgitation and
left ventricular (LV) dilatation associated with low ejection fraction. Coronary artery
bypass grafting with four distal anastomoses, mitral valve plasty using original pap-
illary muscle application method, LV volume reduction using overlapping method
and biventricular pacing were performed. Postoperative course was uneventful
and quality of life at 2 years after surgery was good. Active combined surgery
has the possibility of improving the outcome of patients with severe ischemic
cardiomyopathy.
© 2008 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights
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Introduction
Since the introduction of drug-eluting stents (DES),
more clinically ill patients have been referred to
the surgical ﬁeld for coronary artery bypass graft-
ing (CABG). One of the biggest concerns is the
surgical management of ischemic cardiomyopathy,
which includes the treatment for coronary artery
disease, mitral valve regurgitation, dilated heart
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doi:10.1016/j.jjcc.2008.03.006nd impaired cardiac function. The following report
s a case of a woman successfully treated by com-
ined surgery including CABG, mitral valve plasty,
eft ventricular (LV) volume reduction and car-
iac resynchronization with biventricular pacing.
e discussed the selection of several surgical pro-
edures for ischemic cardiomyopathy.ase report
65-year-old female with a history of long-
erm insulin-dependent diabetes mellitus entered a
gy. Published by Elsevier Ireland Ltd. All rights reserved.
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Table 1 Pre- and postoperative examination
Catheter examination (preoperative)
Coronary angiogram
RCA #1—2: 99% stenosis, #3: 100% (occlusion)
LAD #6: 90%, #7: 100%, #9: 75%
Circumﬂex #13: 75%
Left ventriculogram
End-diastolic volume (index) 238ml (193ml/m2)
End-systolic volume (index) 209ml (170ml/m2)
Cardiac output (index) 2.5 l/min (2.0 l/min/m2)
Ejection fraction 12%
Wall motion
Anterior wall, apex Akinesis
Septal, posterior wall Moderate hypokinesis
Intracardiac pressure (mmHg)
Central venous 7
PCWP 28
Pulmonary artery (mean) 55/26 (38)
Aorta (mean) 102/64 (78)
Preoperative Postoperative
Echocardiogram
Left ventricle
Diastolic diameter (Dd) 61mm 50mm
Systolic diameter (Ds) 53mm 41mm
Fractional shortening (FS) 13% 18%
Ejection fraction (EF) 12% 20%
E/A 2.32 0.92
DT (ms) 170 250
Left atrium diameter 40mm 32mm
Valve regurgitation
Mitral Severe Trace
Tricuspid Moderate Trace
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pRCA: right coronary artery, LAD: left anterior descending bra
early to late transmitral ﬁlling velocities, DT: deceleration tim
eighboring hospital complaining of dyspnea caused
y cardiac failure in June 2005. After medical
reatments, cardiac examinations were performed.
oronary angiograms revealed triple vessel coro-
ary artery disease associated with severe impaired
V function (Table 1). A cardio-thoracic rate was 67%
ssociated with bilateral pleural effusion (Fig. 1,
eft). In electrocardiogram, rhythm was normal
inus, heart rate was 87 bpm and QRS time was
02ms. An echocardiogram detected severe mitral
alve regurgitation and marked LV dilatation asso-
iated with low ejection fraction (Fig. 2, left).
n spite of full medical treatment, the patient
emained catecholamine-dependent, thus she was
ransferred to our department for surgery. The
esults of preoperative examination were summa-
ized in Table 1.
Combined surgery for ischemic cardiomyopathy
ncluding CABG, mitral valve plasty, LV volume
d
a
M
iPCWP: pulmonary capillary wedge pressure, E/A: ratio of
eduction and biventricular pacing were performed
n August 2005. CABG was performed on four distal
oronary arteries with two saphenous vein grafts
sing two sequential side-to-side anastomoses. For
he mitral valve plasty, an original ‘‘papillary mus-
le sandwich plasty’’ was used (Fig. 3). ‘‘Sandwich
lasty’’, which has been already reported [1], con-
ists of two procedures. The ﬁrst procedure is the
apillary muscle heads approximations of the ante-
ior and the posterior mitral valve leaﬂets in order
o achieve coaptation of the two leaﬂets. These
pproximations were performed at both the antero-
ateral and posteromedian commissural portions.
he mitral annuloplasty using DeVega sutures was
erformed via LV incision as the second proce-
ure. LV volume reduction was performed using
n overlapping procedure which was originated by
atsui et al. [2]. A biventricular pacemaker was
mplanted with four epicardial electrical leads at
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ferred to the neighboring hospital for rehabilitationFigure 1 Preoperative and postoperative chest X-ray. L
decreased from 67 to 52% after surgery.
the right atrium, right ventricle and left ventricle.
Just after the initiation of biventricular pacing, sys-
temic blood pressure increased by 15mmHg and
ventricular dyssynchrony reduced. Total extracor-
poreal circulation and aortic cross-clamping time
were 222 and 150min, respectively.
Intratracheal tube was extubated on post-
operative day 2 and postoperative course was
uneventful. However, it took a week to wean
the patient from catecholamine. A cardio-thoracic
rate decreased to 52% at discharge (Fig. 1, right).
Tenting height of mitral valve decreased from 12
to 6mm and mitral valve regurgitation decreased
o
a
i
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Figure 2 Trans-esophageal echocardiograms. Left: preopera
decreased from 12 to 6mm and mitral valve regurgitation decpreoperative, right: postoperative. Cardiothoracic rate
rom severe to trace after surgery (Fig. 2, right).
ostoperative coronary angiograms revealed patent
our CABG grafts. Postoperative evaluation by
chocardiogram revealed the improvement of LV
unction and the reduction of mitral regurgitation
Table 1). The value of B-type natriuretic pep-
ide was 2237 pg/ml before surgery and decreased
o 675 pg/ml at discharge. The patient was trans-n postoperative day 33. At the time of 2 years
fter surgery, the patient was in class 2 accord-
ng to New York Heart Association functional
lassiﬁcation.
tive, right: postoperative. Tenting height of mitral valve
reased from severe to trace after surgery.
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sigure 3 Schema of papillary muscle sandwich plasty as
‘Sandwich plasty’’ consists of two procedures including
nd the posterior mitral valve leaﬂets and annuloplasty o
iscussion
n the DE era, our surgeons need to treat more clin-
cally ill patients using strategies such as off-pump
ABG or Hybrid therapy. However, the indication
nd the selection of combined surgery for patients
ith ischemic cardiomyopathy are still controver-
ial. The ﬁrst concern is the treatment of ischemic
itral regurgitation (IMR). IMR is recognized as a
unctional regurgitation and a common cause of
ongestive heart failure, caused by the process
f myocardial infarction remodeling. The etiol-
gy of IMR is complicated because IMR results
rom a variable combination of annular dilata-
ion and remodeling of the subvalvular apparatus.
arious types of mitral valve repair techniques
uch as annuloplasty [3], edge-to-edge technique
4] and chordal cutting [5] have been reported.
lthough annular dilatation may be effectively
reated, methods for addressing subvalvular remod-
ling have not been standardized. The importance
f papillary muscle displacement due to LV dilata-
ion has been recently recognized, and several
rocedures for papillary muscle repositioning with
r without left ventriculoplasty have been reported
2,6]. The aim of sandwich plasty is the reduction
f the tethering effect by ﬁxing two heads of the
apillary muscle connecting to the choldae of both
he anterior and posterior leaﬂets. Generally, the
ength of choldae does not change in IMR, thus
b
e
g
pted with overlapping left ventricular volume reduction.
papillary muscle heads approximations of the anterior
tral valve.
pproximations of papillary muscle heads achieve
he recovery of good coaptation of anterior and
osterior leaﬂets. The greatest advantage of the
andwich plasty is the simplicity of the procedure
tself.
The reduction of wall tension and oxygen
emand, owing to the marked decrease of vol-
mes, and the increase in oxygen supply, owing to
evascularization, may play a major role in improv-
ng pump function. Dor’s endoventricular patch
econstruction [7] has been a standard and popular
reatment for LV volume reduction in patients with
schemic cardiomyopathy and good results have
een reported. However, we have selected opera-
ive procedures according to the position of the LV
all to be excluded. In patients with anteroseptal
V wall infarction, we recently select overlap-
ing ventriculoplasty as the ﬁrst-line treatment.
ecause we support the idea that an akinetic but
otentially correctible area which is remote from
he aneurysm exists [8]. Thus, we prefer a native
V wall to an artiﬁcial graft patch in closing the inci-
ion oriﬁce. In patients with lateral wall infarction,
e chose a procedure known as Batista surgery.
uma et al. [9] reported the selection of a suitable
urgical procedure for end-stage cardiomyopathy
ased upon an intraoperative echocardiography
valuation. We believe the most suitable sur-
ical procedure should be selected for each
atient.
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Cardiac resynchronization therapy (CRT) is usu-
ally adopted for patients with moderate-to-severe
heart failure and an intraventricular conduction
delay [10]. In this reported case, left bundle branch
block was not observed in preoperative electrocar-
diogram. However, dyssynchrony frequently occurs
in patients just after cardiac surgery probably
due to cardiac arrest during surgery or surgi-
cal injury. This dyssynchrony sometimes worsens
cardiac dysfunction especially in patients with pre-
operative low cardiac function. Recently, we have
actively used intraoperative biventricular pace-
maker implantation in critical patients in order
to avoid postoperative dyssynchrony. In this case,
we obtained the elevation of blood pressure and
the reduction of dyssynchrony. Active combined
surgery may improve the operative results of
critical patients, however, multiple procedures
need to be completed within a limited time. In
sandwich plasty, we usually suture mitral annu-
lar ring via left atrial incision [1], however, we
used DeVega suture via LV incision in this case
to reduce the cardiac arrest and total operation
time. For the same reason, we used two saphe-
nous vein grafts with two sequential anastomoses
instead of arterial grafts. In conclusion, active
combined surgery has the possibility of improv-
ing the outcome of patients with severe ischemic
cardiomyopathy.References
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